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ABSTRACT ' :

oo

Thiokol Chemical Corporation/Wasatch Division uses MAPO in the produc-
tion of UF-2121 liner. Thiokol changed MAPO vendors and, therefore, quzi-
ification of the naw sourzce MA?D was rejuired.

Thiokol preparad grecimens from the new socurce and also specimeuns from
the original source which are te be usei as the control materizi in the 1C
year surveillance cesting program. The specimens were transferred to Ogden
ALC for testing and reporcing of the data obtained.

This report irciudes the test results for the iirst, second, third,
fourth, fifth, and sixth time testing of the control and special specimens
at Ogden ALC.

Statistical analysis of the test data showed that the physical proper-
ties of the new source compared closely to the old source of UF-2121 liner
specimens.

In all instances, the mean data for the control and special specimens
are well above the minimum requirements found in TWR-7857 REV A, Thiokol

specimen data. Traerefore, the capability of the liner from the new source

material is expected to periorm satisfactorily.
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INTRODUCTICN
A. PURPOSE:
Quality assurance testing of gpecimens prepared from the new source
of MAPO to assure that liner material for First Stage Minuteman Motors

will perform as predicted.

B. BACKGROUND:

*Tris [1-(2 methyl) aziridinyl] phosphine oﬁide (MAPO) is used as a
curing agent in the Minuteman Stage One UF-2121 liner. MAPO was produced
by Immont Chemical (Immont) and shipped to Arsyaco Incorporated (Arsynco)
for purification and marketing. Immont sold the production rights for
MAPO to Arsynco and terminated the production of raw MAFO in 1972.

Since MAPO is a critical ingredient in UF-2121 liner formulation{\the
source change for the manufacture of MAPO was considered a serious change.

Therefore, it was necessary for Thiokol to conduct qualification testing on

liner material using MAPO manufactured by Arsynco before it could be con~

sidered acceptable fer use in Minuteman Stage 1 UF-2121 liner,

ERLA-500 was the qualified epoxy curing agent used with MAPO in the
UF2121 liner. Union Carbide terminated their process for ERLA-500.
ERLA~-510 used in similar liners (i.e., UF-2137) was substituted for ERLA-
500 and qualified with MAPO from the new source.

The test conditions and test methods are shown in Table I. E

*TWR~7857 Rev A Report, J. W. Rabern




Fualification vesiing wes perzormed by Thickel and revorted in TWi=

7857 Rev A. In adc.tion, specimens were prepared by Thiokol from the new
vendor's material and Trom tne o1& source material for a “foliow on' test
program. These specirens were then transferred to Ogden ALC for a contin-

uing surveillance vest drogran Cesigned to ccver & Zen year span.

The
material Ircm the 0.3 sourc2 wWill be usel a5 the ©oRATrol sarplies. :g:
The ten year saupling dlan is shown telow. Those specimens identified %E
for the sixth yeer were zested gt this testv periol. The types oi sieci- %
mens ere Disc (steel/Liner/sieel), Cup (steel/lirer/TP-HiO1l;, and Zeel %
(broadeloth/liner/5P-51021). For the disc specimen, the adunesion between %
the lizer aad steel is the oritical factor. For the cup specimen, the %
adhesion betwser the prcpeilant and the liner is critical. For the peex %
specimen the propeliant tc liuner peel strength when pulled at 180° is %
critical. ;
TEN YZAR CONTINGENCY AGING SAMPIE CODING =
Storage =
Age Temp Disc (Semple Nr) Cup (Sample Kr)  Peel (Sample §r) =
Lyr) (°F) Consroi* Special®¥ Control* Opecial¥®* Control¥® Specisl¥* %
1 75 -6 181-185 6i-66  2ul-2k6 321-126  301-306 =
2 75 7 -12  187-192  67-T2 247-252 127-i32  307-312 %
3 15 3i3-18 193-198 73-78 253-258  133-138 313-318 _:%%_
L 75 19-24 199-20%  T9-bk 259-264  239-1Lk 319-324 %
5 15 25-32 205-210 85-90 265-270  1k5-150 325-330 %
2 75 31-36 2:1-2156  91-96 271-276 151-156  331-336 %
T 75 37-k2 217-222 97-102 277-282  157-162 337~342 %
8 75 43-48  223-208  103-108 283-288 163-163  3u3-348 =
9 75 Lo-54 229-23%  109-i1k 289-29%  169-1Th  349-35k %
10 75 55-60  235-240  115-120 295-300 175-180  355-360 =
# Liner mix A73-11846 - control or old MAP) source meterial %

I

¥#% Liner mix A73-11810 - Experimental MAPO

=
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TARLE 1

Test Conditions and Methods

GO85 Spec Total
Config~ ©Spec Per Number Test
Group Test Condition vraticn Cocde Cond of Spec Method
Bond in Tensile CHS 0.5 in/ Discs TV  Control 12 A
" Tension Adhesion min, Chart 5.0 6
Pisec 0iffi27-3 in/min, 508 Special
1bs full scale 4
load 77°F + 2°

Bond in Tensile €48 0.5 in/ Cup TC Contrel 12 A

Tension Adhesion min, CThart 5.0 6

Cup 0i#127-3 in/min, 200 1bs Special

full scale load 6
77°F + 2°
180° Tensile CHS 10 in/min Peel TE Control 12 B
Peel Peel 7J7°F + 2° 6
Specimens O0I#127-3 Chart 5 in/ Special
min 2C ibs 6
full scale load
TEST CONDITIONS
A,

Testing of tensile adhesion specimens was performed using an Instron
testing instrument.

pi

Propercies =
pound and failure mode.

easured were maximum stress to the nearest
Steel disc specimens require z st

ress of about 240 psi. The recommended
initial £ull scale load is 500 pounds
changed to another setring if the fir
side.

. This instrument setting should be

st reading goes off scale on the high

If 500 psi is exceeded, then change the reading to 1000 psi full
scale.

Cup adhesion specimens are tested w
recommended full

ith a stress of 200 lbs per sq inch; the
scale loaé is 500 1lbs.
B. Testing of 180° peel samples was performed using an Instron testing
instrument. The pnysical property of the materisl to be determined was the
average reel strengtn to the nearest pound per inch.
NOTE: Thiokol's procedure for Testing and Laboratory Mixing of UF-2121 Liner.
SLP 400, 28 April 71.




STATISTICAL ANALYSIS

UF-2121 iiger material is peing tested under a ten year program to
determine whether or not difierences exist between liner matesrials .
manufactured fvom rwo separate sources of curing agent (MAPC). Test

specimens were Zianuiactured in two grouss; control, using origina: Source

curing agent, zad special, using new so.rce curimg agent. The rest spec-—

(2N

imens for these two groups are oI three kinds; disc, cup, zné peei. For
each specimen type within each test group the sample test size is 5.x.
Laboratory testing for six test periods or six years has bzen accomplished.
Test data for the years 1975, 1976, 1977, 1973, 1979, and 198C are in
Tables 2 through 7, and columns are summarized using means and standard
deviations.

With six test periods accomplished, regression plots (Figures 1 - 6)
were made to determine whether slope and elevation differences existed
between contrcl ané special test data. No differences in either slope or
elevation were found. The regression model Y = a + bx, using iandividual
data points, wzs used in the regression analyses. The variance about the
least squares trend line is usad to ccmpute & tolerance interval such that
at the 907 confidence ievel 90%Z of the sample distribution falls wizhin
this interval. This tolerance interval is extrapolated 24 months past
the age point pertaining to the oldest specimens tested. The statistical
gignificance of the slope of the trend line is evaluated for each regres-
sion plot. If significaat, it is an indication that change over time is
occuring.

In determining differences in data pertaining to the two MAPO sources,

analysis of covariance was employed to compare control and special data from




LTI

of the data away from the regressicn line.

test specimens. For analy-

sis of covariance results, see Table 8. Taken at the five percent signii-

icance level, the only difference found was in disc datz in the variance




The 1980 test deata aad the mean for the respective control and speciai

data are shown in Table 7. In additiss, for a convenlenc coaparison, the

1975 through it7Y zest czata are incl

zbles 2 tarougn C.

'- "y
n.
w
.
h

The statiztical anzlysis resulits for the 1580 cestisng zr: shown ir Tab_e

8 with the regressions shown in Rigures i through o

DISC:

A staristically significant differeace zs shown for variance of test

data ir. the MAPD source (Tavle &) with ao significant difierence fcr the

slope and elevation of the regression curves (Table §).

The regression curves show z statistically significant gradual decrease

for both the conrroi and special samplie data (Figures 1 & 2).

-~ e TONA P g o R = e At = e ol % ——— = 1L NL .
3 For the yezr 1580, ihe meas &f the conrrsl &and speeisl data is 15.06

and 14.28 kg/s¢ cn respectively.

The mimimem specification requirement according to TWR-7857 RE& A; is
12.30 kg/sq cu miminum. As seenm in Tabie 7, MAKPH's data is well above this
minimum.

The faiiure mode was 100% conesive in the liner for both the conzrol

and special specimens.

CU2:
There is no significant diffesrence in variance, slope or elevation when
. comparing control and special regression data (Table &).

The regression curves show a statistically significant graduai decrease

in maximum stress as the specimens age (Figures 3 & 4).




According to TWR-7357 REV A reper:, the wminimua requirement 1is 4.92
kg/sq cm. The data meams are 10.00 kg/sq cm for the ccntrol and 10.49
kg/sq cm £or the special specicens.

The failure mode for the control and special specimens was 1002 ad-
hesive liner tc propellant.

PEEL:

No significent differ=nce is shown for the variance, siope or eleva-
tion when comparing contrcl with special ragression darz {Tzpie 8).

The regressicn curves (Figures 5 & 6) show a statistically signifi-
cant gradual increase in peel strength with respect to the age of the
specimens.

Thiokol reported {TWR-7857 REV A) 0.579 aad 0.732 *xg/L cm respec-
tively for the conirol and specizl mzan data at age six months. This
comparss with 1980 data of 1,09 and 1.08 kg/l cm respectively for control
and special mean data {(Tabie 7).

The mode of failure was 160% liner to propellant bond.

* Kilograms per linear centimetler
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Based on this apalysis, the only statistically significant difierence

between the cocntrol znd special specimens is the variance for- disc speci-

meas.

ONCLUSIONS

The regressicns show a gradual statistically significan:t chang

The strength of specimens is weil asove the requireé zimizum Zor

and cup, and zbove that rapcriad im Thiskol tssting for peel.

From the data analysis,

well as the ¢ié source; aa

(4

it is recommeaded that the testing plan be continuei to assuvre long

the new source of rew materiai periorss

-

therefora is expected to periora sa

RECOMMENDATIORS

-
i

range capability of the iiner produced from the new source of materiai.




TABLE 2
TEST DATA SUMMARY
JULY 1975
=
DISC CuP PEEL
Control Special Control = Special Control Special H
Nr  Kg/em® Nr  Kg/cn® Nr Ke/ow® Nr  Kg/Cmd Nr  Kg/L-Cm Nr Kg/L-Cm i
17.085 181 17.225 61 241 11.601 121 0.6786 301 0.6786 i}
17.507 182 17.858 62 11.812 242 11.601 122 0.6786 302 0.6965
17.225 183 47.015 63 11.741 243 11.531 123 0.7143 303 0.6965

.17.366 185 17.436 65 12.234 245 11.390 125 0.7679 305 0.7143

1

2

3 .

4 17.929 184  16.944 64 12,163 244 11.671 124 0.7500 304 0.6965 4
5 E
6 17.296 186 19.054 66 11.882 246 11.390 126 0.7858 306 0.6965

¥ 17.401 17.589 11.966 11.531 0.7292 0.6965
S 0.2943 0.7899 0.2191 0.1176 0.06458 0.0113
i
TABLE 3

TEST DATA SUMMARY

MAY 1976
DISC CUP PEEL
Control Specieal Contrel Special Control Special
Nr Kg/cm® Nr  Kg/cm® Nr Kg/cm® Nr Kg/Cm? Nr Kg/L-Cm Nr Kg/L-Cm
7  15.116 187 1&.483 67 247  13.288 127 0.9643 307 1.0536

8 16.311 188 14.905 48 13.710 248 13.710 128 0.9286 308 1.0358
9 15.397 189 14.483 69 13.640 249 13.640 129 0.9286 309 1.0179
10 15.960 190 14.765 70 13.007 250 13.077 130 1.0179 310 1.0358
11 15.819 191 15.468 71 13.148 251 13.359 131 1.1072 311 1.0536
12 14,554 192 14.765 72 13.499 252 13.499 132 1.0001 312 1.0358

¥ 15.526 14.812 13.401 13.429 0.9911 1.0388
q 0.6356 0.3633 0.3088 0.2354 0.0675 0.0134

NOTE: Kg/L-Cm = Kilograms per iinear centimeter. Also, for the peel test the
results are in average peel.




TABLE 4

TEST DATA SUMMARY

APRIL 1977
DISC ' © . _cup PEET,

Control 2 Spacisl fontrol 5 Special 2 Contxrel Special
Nr  Kg/Cm” Nr Kg/Gs? Nr  Xg/em® Nr  Kg/tn® Nr  Kp/L-Cnm M Xe/L-Ga
13 17.155 193 17.436 73  9.281 253 9.140 133 6.7522 3.3 0.78%%
14 16.522 194 18,874 74 9,281 254 9.070 134 0.73143 3.4 6,783
15 16.874 195 18.944 75 8,999 255 8,999 135 0.673¢ 225 0.735%
16 17.015 196 17.366 76 9.281 256 9,140 136 (.7552 315 0.71s3
17 16.874 197 17,015 77 9.492 257 8.367 137 0.7500 3.7 0.7500
18 16.874 198 17.015 78 9,281 258 8,789 138 (.5429 3i8 0.7143
X  16.886 17.108 9.269 8.918 0.7113 0.7560
S 0.2107 0.2337 0.1570 0.2994 0.0429 0.0352

TABLE 5
TEST DATA SUMMARY
JUNE 1978
DISC CUP PEEL
Control 2 Special 2 Control2 Special 2 Control Special

Nr Kg/Cm~ Nr Xg/Cm” Nr Kg/cm~ Nr Kg/Cm” Nr Kg/L-Cm Nr Kg/L-Cm

19 14.906 199 14.554 79 10.898 259 10.406 139 0.9109 319 1.0180
20 14,624 200 14.695 80 10,968 260 10.476 140 0.9823 320 1.0359
21 14,695 201 14.343 81 10.617 261 10,616 141 0.9466 321 1.0180
22 14,906 202 14.343 82 10,125 262 10.125 142 1.0002 322 . 1.0359
23 14.343 203 14.624 83 10,406 263 10.687 143 1,0716 324 1.0537
" 24 15.187 204 14,414 84 10.476 264 10,125 144 0.9466 326 0.9287

X 14.777 14,496 10.582 10.406 0.9764 1.0150
S 0.2898 0.1503 0.3166 -0.2391 0.0561 0.0444




TABLE 6

TEST DATA SUMMARY

11 JUNE 1979 T
DISC Ci? PEEL
Control Special {ontyol Special Control Special
§£_‘Fglhm{_ Nr  kgfeme Iz “ofcms  Nr_ - kgfem4 Nr o kg/L-cm Nr ke/l-cm
25 ;7.015 205 17.436 83 9.632 265 9.562 145 0.8572 325 0.7679
26 15.874 206 16.874 86 9.703 266 9.140 146 0.83693 326 0.7679
27 16.874 207 16.393 87 9,773 267 9.562 147 0.8572 327 0.9643
28 16.944 208 1i6.522 88 9.632 268 5.231 148 0.8572 328 0.7143
29 16.804 209 16.382 89 9.632 269 9.421 149 0.7679 329 0.7143
30 16.171 210 17.366 90 _9.4?& 279 9.421 150 0.8936 330 0.7500
Y 15.780 16.862 9.64% 3.398 0.8304 0.7798
s .0.3070 0.4477 0.0934 06.1644 0.0370 0.0936
TABLE 7
TEST DATA SUMMARY
SEPTEMBER 1980
DISC Ccup PEEL
Control ) Special Control Special Control Special
Nr kg/emé Nr_ ka/ cm? Nr_ kg/em? N kg/emé  Nr kg/L-cm RNr kg/L-cm
31 "15.116 211 14.764 91 9.281 271 11.109 151 0.9465 331 1.1965
32 14.905 212 14,413 92 10.054 272 10.265 152 1.0179 332 1.1786
33 14.624 213 14.202 93 10.616 273 10.898 153 1.0715 333 1.1072
34 14.905 214 14,272 94 274 10,687 154 1.1072 334 1.0536
35 15.678 215 13.870 g5 9.8%4 275 3.491 155 1.017¢% 335 1.0358
3¢ 15.116 216 14.272 9¢ 10.054 276 156 1.0715 336 1.0358
Y 15.057 14.284 9.998 10.490 1.0388 1.0846
S  0.3539 0.3188 0.4750 0.6397 0.0569 0.0613




ANALYSTIS OF COVARIANCE RIISULTS WilDN COMPARING

Type of Data

Compared

Disc

Cup

Peel

CONTIROL AND SPECIAY REGRISSION DATA

Parzmeter
Compared

Variance
lope
Elevation

Variance
Siope
Elevation

Variance
Slope
flevation

TABLE 8.

2T
of
F-value freedcn Sign:iicarce

i.83 34, 4 significant
0.32 i, 63 not sizailicanc
0.64 1, 69 not significant

1.38 33, 31 not significant
0.20 1,064 not significant
0.09 i, 65 not significant
1.49 34, 34 not significant
G.06 1, 68 not significant
0.32 1. €9 not significant
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